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‘1’hc Cosmic Dust Analymr  (CDA) is designed to characteri~.c the dust environment in interplanetary space,
ii} the Jovian and in the Saturnian  systems. The instrument consists of two n~:~jor components, the Dust
Analyz.cr  (DA) and the High Rate Detector (HRD). The DA has a large apcrmrc to pmvidc a large cross
section for detection in low flux environments. ‘J’he DA has the capability of dc[crmining dust particle
mass, velocity, flight direction, charge, and chemical composition. The chemical composition is
dctcrmincd  by the Chemical Analyzer  system based on a time-of-flight mass spcctromctcr. The DA is
capable of making full mcasurcmcnts  L]p LO one in~pact/scconcl. The } IRD contains two smaller PVDF
clctcctors  and electronics (iesigncd to charactcriz.c  dust particle masses at impact rates up to 104
inlpacts/sccon(i.  l’hcsc high impact rates are cxpcctcd  (luring Saturn ring plane crossings.
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1.1 science  Ok!rvations

‘1’hc Cassini  Cosmic Dust Analyzer (CI)A) will provide direct observations of dust with masses bctwccn

10“16 and 10-6 g in interplanetary space and in the Jovian and S:\turnian systems. ‘1’hc instrument will
invcsti:atc  dust  physical, chemical and dynamical propcrlics as functions of the distances to the Sun,
Jupiter and Saturn, its satcl]itcs and rings, and it will study dust in[cractions  with the .Saturnian  rings,
snte]litcs and rnagnctosphcrc.  “1’hc chcrnical composition of interplanetary mctcomids will 13c delcrminecl
and compared wi(h asteroidal and cometary dusl as well as Saturnian  dint, cjccta from rin:s  and satellites.
‘J’hc chemical composition of J ovian dust StrCanM1, if they still exist at cncountcr,  will be compared with the
composition of Jovian satel]itcs and rings determined by the rmotc sensing systems of the Galileo Mission.
“1’hc chemical composition of (lust in the Saturnian syslcm will bc compared to remote sensing
(lctr.rl]lill:ltic)ns  of Snturnian satclli[c compositions. ‘J’hc effect of clcctrica]  charging  of dust in the
magnctosphcrc will bc studied inc]uding the cffcc[s on the ambicn[  plasma, the dus[ tr:ljcclories and
electrostatic particle disruption.



1.2 instrument Capabili t ies

“1’hc (hsmic Dust Analyzer’ has been designed as a hi:,hly capable system for mcasurcmcnt  of the mass,
composition, electric charge, .speed and fli:ht  direction of individual dust particles. The instrument has
significfint  inhcritmce from previously developed dust instruments for interp]anctary  missions, buL it has
many innovative design components that optimize  it for the Cassini h4ission. CDA is a descendant of the
dust detectors dcvclopcd  under the leadership of researchers at the Max-Planck-lnstitut  fiir Kcrnphysik  and
flown on previous missions including the } 1110 S-2 satcllitcz  and the Vcga3, Ciiotto, Galileo’ and I,llysscs’
missions, “J’hc Co-investigators on the CDA team are lis[cd in “1’able 1.
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‘J’able  1. CDA Co-investigators

“1’hc  Cassini h4ission provides an cxcc]lcnt  set of opportunities for cx[cnsivc  dust  nlcasmments  in
in[crplanctary  space, the Jovian environment and the Salurnian environment. IIccausc 01 this range mission
observation opportunities, the CDA instrument has been designed to accommodate a wide range On
observing conditions, and, in most ways, its performance has also been cnhancc(l  over the prcdcccssor
instruments. “J’hc low dust flux conditions 0[ interplanetary space rcquirw a lar:c apcrlurc  instrument to .gct
adcqu:itc  impact statistics. 1 ]owcver the cx[rcrncly high dust tluxcs expcctcd  during the Saturn ring plane
crmsings require a detector sys[cm that will not saturate or bc dama:,cd during rcpcatcd ring encounters.
At the smc time, the succcss  of the Giol(o and VI{GA dust mass spcctromctcrs cncouragccl  the
incorporation of a similar chemical analysis capability in tbc CI)A instrument, ‘Jllc inilial  and continuing
results from the Ulysses and C1alilco  instruments has shown the value of making dust observations in 4n
spacc6’7. Hut whereas tliosc missions are being conduc(cd  with spiming spacecraft (or pmlially  spinning in



the case of Galileo), the Cassini  spacecraft is only pcrioctically,  and slowly rotating, so that CDA has been
dcsignccl  with a self articulation capability in order to cover 2n space with an incrlial spacecraft.

Perhaps the most exciting capability of CDA will bc the ability to directly measure the chemical
composition of the dust particles impacting the syslcm. ‘J’hc only other direct measurements of solar
system dust composition were made near 1 lallcy by the dust instruments on the Giotto and VEGA
spacecraft. “1’hc  mass spectrometers on these missions had very high mass rcso]ving  power, but had only
very small impact ionization targets. ‘J’o enable statistically realistic measurement opportunities even in
interplanetary space, CDA is designed with an about ten-times larger target. “1’bus, with CDA, for the first
time, it is cxpcctcd  to bc possible to make assi:nmcnt of dust sources on the basis of the dust composition
in intcrp]anctary  space as WC1l  as in the Jovian and Saturnian systems. “1’hc dust experiments on Galileo and
Ulysses, which do not have chemical nnalysis capabili~y,  can classify dust sources on the basis of dust
arrival directions, particle mmscs, pa[tic]c velocities, and the proximity to specific potential sources. ‘J”hus,
fcw instance, on the basis of these paramclcrs  they can (cnlatively  clis[in:uish  intcrstcl]ar  dust from dust that
more likely originates from comets, astcmids or planets and moons. J lowcvcr, direct compositional
mcasurcrnents  will add a firmer basis for making these [distinctions and for identification of additional dust
sources. in the Saturnian systcm it may bc possible to relate individual par(ic]es to specific icy satellite
sources, even far from the satcl]itcs,

1.3 history of dust mcasllrcmcnts

Cassini was the first to rccognizc  clust  in interplanetary space through his telescopic observations of the
Y,o(iiacal 1.ight in the 17th Century ancl his attribution of it to the prescncc  of dust around the sun. The
first direct {contact) mcasurcmcnts  of solar orbiting dust were ma(ic  by the l’ionccr  8 and 9 spacecraft.

“J’hc Pioneer 8 and 9 spacecraft could measure partic]c masses above about 10-16 kg anti haci sensitive areas
Oll]y 10% that of CDA.

‘J’hc first clircct  measurements of the dust in the Saturnim system were made by the I)ionccr 10 and 11
spaccmft  in the early 70s. ‘J’hcsc  detectors had 7 orders of magnitude lower mass .scnsitivity  than CDA
will have. ~’hc only other direct detection of Saturnian ring dust was made by the plasma wave experiment
on Voyager 2 spacecraft. A tabulation of the char:ictcristics  of the previous dust detectors has been
publishcdS.

“J’hc design mcasurcmcnt  capabi]itics  of CDA arc listed in “J’able 2.

2. lNS”J’RUhl]CNrJ’ IJItSJGN

‘J’hc instrument contains a number of dift’crcnt subsys[cms that arc dcsi:ncd  to optimiz,c  information
obtained about dust impacts under different conditions. “J’hc m:tjor detection systems arc callc(i  the Dust
Analy~cr  (DA) find the 1 ligh Rate Dctcc[or (111<1)), “1’hc I)A will make cxtcnsivc,  detailed mcasurcmcnts
on the dust when the impact rates arc below about onc pcr second. On the other hand, the 111{11  is
intcndc(i to make a simpler set of mcasurcmcnts  when fluxes arc very high, such as during ring plane
crossi  rigs. 1 ‘igurc 1 is a photograph of the cn:inccring model con fi:ura[ion. ‘J’hc inst rumcnt  barrc] is
about 450 mm in diameter.



2.1 Dust Analyzer

The DA makes mcasurcmcnts of the inherent dust charge,  velocity, mass and chemical composition for
impact rates up to one per second. l’hc mcasurcn~cnts  elcc[ronics  arc capable of higher rates, however
limitations on power dissipation as well as practical data volume limitations require limiting impact
triggering rates.

l’aralm!tcr Range
l>usl velocity

—
1 ~ 100 knl/s————. .— . . . .. —. ——— —.

Dust Mass range for chemical aniilysis ]0-16 . ]()-9 g :1120 kn}/s

counting  ra~~’,c . . m l ? m l m m : . 1 0 4  in~Pflcl/s—.——
Basic field of view 90 cic:rcc full cone for 11A, 2n sr for the 1-11<1>.— _—
AnSular resolution 10 ctcgrccs  in onc plane, dc~cndin~-~n  chmgc,  direction

and statistics
]]USt ~har~e.––— _ ]()-]5 . (jx]()”]3  ~ :,L 2 -  4[) knlfs  -

—. ———-—...———
Ckmical  analymr mass rcsolvin~ power

.
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Tab]c  2. (DA dcsi:n  mcasurcmcnt  capfibilitics.

}~i:llrcs  2:1 and 2b are fllnctional  schcnlatiC  din:, r:lms of [hc SySICII)  with SOINC  representative signals shown
for two different types of dust  impact events. I~i:urc 2a shows the trajcc[ory  of a particle that strikes the
CMmical  Analyzer target with typical signals seen at the sensing systc;m. I~igurC 2b shows  the triijcctory
and signals for a pmticlc that strikes the Dust impact ]oniztx. in [hc first case, chemical mnlysis is
performed but in the second case no chemical infoma~ion  is obtained.

(%rrrged  dust particles arc first detected  during their passage through the charge sensing grid structure.
“1’here arc four grids in the structure, top and bottom grounded grids, and two sensing grids tilled at
g dcgrccs to the axis of the ]>A b:lrrc] ‘]’hc rise time, ciuration, ma:niludc  and fall time Of lhC SigndS in thC
center grid pair permit calculation of the particle charge, velocity, ancl angle of the velocity vector with
respect to onc plane.  l’hcsc  signals arc all (iigitimd  and stored for downlink  later.

When the dust particle strikes the ~hcmical  Analyzer (CA) q’arge.t  with sufficient velocity, as in Figure 2a,
the impact crcatcs  a plasma containing:,  ions and clcctrms  from the particle and the targc[. The strong
electric field bctwccn target and the CIlcmical Analyy.cr Grid quickly separate the positive and negative
chargm and accelerate the ions toward the lon (hllcctor  and electron  nl~lltiplicr.  “J’hc 1000 V bias of the
{:A “1’argct  and 350 V bias on the lon (k)llcclor’ is sufficient to allow tin~e-of-flight  mass spcctromclry  with
a resolving power of up to h4/AM=:50,  (icpcndin:  on lhc initial ion mc.rgics. ‘]’hc total ion cbar:e  at the
electron multiplier for any parliculat’ ion IIl:iss-to-cilal”:c.  ratio is primarily a function of [he particle mass
and LIm par[ic]c.  and target e.lcmcntal compositions, but it is also a funclion  of the impact vc,locity.  “J’hc high
speed (Iigi(imtion of the ou[put  signals at the electron multiplier is typically triggcrc.d by the charge
COIICC(C(J  on the C:A target or grid, but can bc tri::,crcci by otllcr si:nals. “J’hc ion transit lime between the
triggcrin:  and the arrival at the multiplier is dctcrmincd  by the ion mass to char:c. “1’hc transit tinm and
ion intcnsiticx arc rncasmcd  by di:,i[i~,in:  the multiplier signal  for 5 I[s at a rate of 10(I N41 IY, :ind the datn
storc(J for downlink.  Additional details of ~DA and tJm design of the 11A have been publishc(i*.



The signmls  rrt the output of the chemical analysis time-of-fli~,ht clcc[ron multiplier must cover a very large
dynamic range for two reasons. A wide dynamic range allows measurement of a large range of ion
abundances for any one impact, but, more importantly, a wide dynamic range is nccdcd tc) make chemical
analysis measurements over six orders of magnitude in range of particle rnasscs impacting the system.
Bccausc  of the random nature of the impact events and the shorl ion time of flight, it is clearly impossible
m make real-tin~c gain changes for each  event. An innovative solution to this prob]cnl  has been created
through the dcvclopmcnt  of the Dynode 1.ogarithrnic  Amplifier. ‘1 ‘his systcrn sums the linear signals from
six different dynodes of the Johnston h4h4-  1 multiplier in such a way that for large inlpac~s the amplifiers
for highest gain ciynodcs proclucc fixc(i  outputs  that sum with the Unsaturated low gain dynode signals.

As shown in Figure 2b, if the dust particle strikes the impact lonim(ion Detector (1 ID), an annulus on a
sphere, an impact plasma is crcatcd  and the ions and electrons arc separated by the electric i~eld bctwccn
the biased central grid systcm alounci  the multiplier an(i the g,mLlndcd  tnrgct. l’hc digitix.ccl  rise times,
collcctcd  charge on the IJD, Ion Grid and electron multiplier permit calculation of the particle mass based

on laboratory determination of the c, u, and ~ coefficients of the cmpcrical equation Q = c n~%~. The
velocity of impact is dctcrmincd  from the l:ibol-;ltc~ry-csl:lbli  sllc(l  relationship bctwccn rise time of the target
and ion-gri(i signtils  and the. particle vc. iocitics.

~’hc signals mcasurc(i  in the normal operation of the IIUSL  Analy~.cr  arc summarimi  in ‘1’able 3.
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2.2 IIigl) l{afc Dctcdor
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‘J”hc I 11{1] consists of lwo sensors and circuitry to rccor(i impac[  da[a, ‘J’hC twO SC1lSOrS  al”c based 01)  thC
principle.s (icvcloi}c(i  prcvious]y  by Simpson ar](i ‘1’tlm)lino9. onc sensor is 50 ctnz ciisk of 28 pm tilick
polyviny]i(icnc fluori~ic (}’V] )l;) fiim. ‘J”hc oti)cr sensor is a 10 CIN2 disk of 611111 ti)ick l’VD1:. ‘J’i]c  two
sensors arc used for rcdun(iancy,  to provi(ic two ciiffcrcnt,  parlifilly  ovcr]apping  mass detection ran:cs,  and



to pmvidc an increased dynamic range of Counting  rates. ‘1’hc IIRD sensor system is i~icntificd  in Iiigure 1.
I;ach sensor has a nominal 2X hemispherical ticld of view ccntcrcxi on the DA ticlci  of view. The PVDF is
permanently polari~,cd  and has mctalliz.cd  swfaccs to pcmit  msing of [hc polarim[ion  charge. If a dust
particle impacts a ~:lnl  with sufficient velocity (more than a fcw kn~/s depending on size), it will punch a
hc)]c in the ~ilnl (Figure 3.). “l’his will result in a chan~,c  in the charge of the film (depolarization) that is
sensed by ihc electronics. ‘l’he mgnitudc  of the dcpolarimtion charge is mcasurccl at four fixed thresholds
for each sensor. At low impact rates, the thresholds triggered and the impact times are recorded and the
comtcrs corresponding to the thrcsbolds arc incrementcci for later transmission to the CDA computer. If
very high impact rates arc expected, the I IRll operation can bc changed by command so that the individual
impact events arc not recorcicc],  and only the cis,h[  threshold counters arc usecl, “1’hc  rate of reading and
resetting the counters is also c(~ll~t~~:i~~clilblc.

“1’hc relationship bctwccn  the mgnituclc of the charge anti  ti~c mass and velocity of the impacting particles
is calibrated on [he ground. It is not possible from the I IRD n~casurments  alone, to dctcrminc
indcpcnclcntly  the mass ancl velocity of the particles. IIowcver, since the IIRI> will typically bc making
nwmuremcnts during  passage through Saturn’s rings, the impact velocities for the ring particles wili bc
calculahlc  from orbital paramcmrs, so W! mass of lhc par[iclcs  can also be calculated from the prelaunch
calibrations. Particle composition has only a minor ctlcct on the mass determination,

3. INSrl’RUMItNT 01’I;RA’I’IONS

“1’hc O~A instrument needs to bc in operation a m:ijor  fraclion of the time after launch in order to
charactcriyc  the dust environment in the solar system out to Saturn. ‘1’hc cxpcricncc  witil the lJlysscs  and
Gaiilco missions clmrly show Lha[ it is not sufficient to occasionally sample ccr[ain  directions. ‘l’he early
identification of the Jovian ciust streams by the lJlysses  cxpcrimcnl was possible duc to the high duty cycle
sampl ing  over ]argc so]ici  anglesl. Whereas the Ulysses ancl Galileo dust instruments have fixed FOV
relative to the spacecraft, CYIA has the capability of rcmricntins  i[s I:OV with respect to the spacecraft to
insure the. most effective sampling of the ciust  cnvimnmcnt.

IIuring most of the Ossini mission the (;DA instrument wiil bc a low dust ilux environment so Dust
Annlyxer  will be the primary data source. in this cfisc the cicsirablc  spacccratl state is in the “mtisscrie”:,
Jiclcis and particles rotation. ‘1’his rc)tation  allows the instrument to survey the 4n space on a re.lativcly
short time scnlc. ‘l-o cover the 4n space, the instrunmnt  will Im rotatcci occasionally bctwccn  sclcctcd
postions  armmcl  the arlicula(ion  axis. ‘J’hc frcc~ucncy  of ar[icula[ion  may bc only every fcw weeks in
in[crplanctary  cruise, once pcr (iay in orbital mist or ncnr]y con[inuous]y  near the ring plane crossings.
~’hc articulation axis of Lhc instrument is ncady normal to the spacecraft Y-axis an(i pmvi(ics the i~clci of
view of the I )ust Analymr portion of the cxpcrimcnt  illustratcci  in l;iyrc 4. “1’hc four near-circles are the
instantaneous 10Vs of the J’our ~cfcrcncc positions of 0 )A, ‘J’hc rcctan~,ular  area rcprcscnts’  the full 4n
desired covcragc.

“J’hc spacecraft rotation an(l instrument ar[icu]a{ion  arc important not only for large observing soli{i  angle
but also 10 enable (ictclillitl:iti(~rl  of the dust velocity vectors. Al(hough the I )A grici sysLcm can mcmwrc
onc component of the vclocily  VCCLW  of chargccl  ciust, (hc portion of dust that is chargcci is not known, and
thcorctica] cxmsidcrations  show that it nli~ilt  bc very low. ‘1’ilus lhc best way to ciclcrminc cius[ arrival
clircctions is thrc)ugll  scannins the instrumcn[ ficl(i  of view through  all possible ciircctions in a cyclic fashion



and determining arrival clircctions from the statistics of when impac[s occur. 13 y choosing ~ppmpriate  rate
for ar[icmlation  and rotation, spatial and temporal V:]rii]tior)s  in dmt arrival can bc separated.

During ring plane crossings the operation of the spacecraft and ~DA instrument will probably bc quite
cliffcrcnt.  Ilecausc the orientation of lhc spaccmft  will bc quite restricted for safety reasons, ~DA
articulation my be nccxlcd  every lcw mimics  10 adequately separate spatial and temporal ring dust
variations during the hour m so aroun~i  the ring plane crossing, During the ring plane crossings, the IIRD
will be the primry  n)casurcmcnt  system because tile DA cannot make impact mcasurcmcnts at faster than
onc per second. ‘J’hc I lRD can register impacts up to 10’ pcr sccon(i wi(il insignificant cicacitimc.

‘J’I)C (31A data return is very Ilcxiblc. Only 0.5 kbits/s  is nccdcd  from the ins[rumcnt  to the SC to support
the higi~cst  data acquisition rates. Full (iata from the I)A and }11<1> can be returned at this rate. “1’his low
clatn rate will be casil y support by the available downiink  rates for most of the mission. I Iowcvcr on the
oti~cr i~and, early in the mission when avcmgc (iownlink rates arc very low, the (WA data can bc
rcformatcxi  with onboard (iala processing so Ihat the most valuable information can be returned at lCSS than
1 bi\/s. Bccausc  the ~DA nlcasurcnlcnLs arc trig~crcxl  by imixlcts,  it dots not normally gcncratc  any
scicncc  data if there is no dust. 1 lowcvcr on board noise sources such as Souncicr  opcratiom,  and
planc[ary  piasmas can produce ranclom triggers if care is not used to prevent il. IIoth the DA and 111<1>
have COlll]llandab]C  trig:  cring tilrcshold acljustmcnls Iilttt  will  insuw that noise triggers art! minimi~.cd  and
that the bcs[ data arc rctmed un(icr ali con(iitions.

‘J’hc work dcscribcd was supported by nationnl funding agcncics in the O.cch  Republic, I;rancc, Gcrnlany,
‘i’he Netherlands, Norway, and U.K. ‘1’hc work in the U.S. was performed uncicr  cxJnLracM with the
Na[ional Aeronautics and Space Administration. A porlion  of the work in Lhc U.S. was pcrfomed  at the
Jet Propulsion 1,aboratory,  ~aiifo~nia  lnstitutc  of “1’ccilnolo:y.

1. I;. Griin, 11, A. Zook,  h4, Raguhl,  A. Balogh,,  S. J. Bamc, 11. I;cchtis,  R. l;orsy[h,  M. S. Ilanncr,  h4.
Iloranyi, J. Kisscl, 11.-A. l.indblad, 11. l,inkcrt,  G. I,inkcrl,  1. N4ann,  J. A. h4. McDonncli, G. E. Morfill,  J.
1.. l’hillips, ~. Polansky,  G. Schwchm,  N. Si(i(iiclue,  P. Staubach,  J. Svcstka,  an[i A. ‘1’:ly]or, “Discovery of
Jovinn dust s[rcams and inlcrs[cllor  gr:lins by the Ulysses spacccrall,” Nat~m, Vol 362, pp. 428-430, April
1993.
2. 11. l>ictz.cl,  G. l-{ichhorn, 11. };cchti:,  1:. Grtin, 11.J.  IIof[mand and J. Kisscl, ““J’hc llIiOS  2 and }Iclios

micromctcroicl  cxpcrimcnts,” J. Pi~ys. (1{) Sci. ]ns[r,, Voi 6, 2(N.
3, J. Kisscl, R, Z Sagdccv,  J, 1.. Bcr[aux, V. N. An:,arov,  J. Audouz.c,  J. I;. Blamont, K. Iluchler,  Ii. N.

l;vlanov,  11. l~cchti:,  h4. N. l;omcnkova,  H. von Ilocrnc.r,  N. A. lnogr[imov,  V. N. Knromov, W. Knave, l;.
R. Kmcgcr, Y. 1,angevin,  V. 11. 1,conas, A. ~. 1,cv:isscrll-l<cgo~lrci,  G. G. h4anagaclm,  S. N. l’odkolzin, V.
1). s:ipiro, S. R. Tabalciyev and H. V. Zubkov, “~omposilion of ~~mnct  I lallcy  Ihst l’articls from Vega
Obscrvations,”  Nature, Vol. 321, pp2S0-282,  1986.

4. Ii. Gritn, 11. lkchtig,  M. S. ]Ianncr, J. Kisscl,  11.-A.  I.inclblad,  11. I.inkcr[,  11. h4aas, G. 11, Morfill,  and
11, A. Zook, “’l’he Galileo Dust l)c[cctor,” Space Sci. Rev. Vol 60, pi}317-340,  1992.



and dc(crmining  arrival directions from tbc statistics of when impacts occur. Hy choosing appropriate rate
for articulation and rotaticm, spatial and temporal variations in dust arrival can bc scpmtcd.

During ring plane crossings the operation of the spacecraft and c2DA instrument will protxibly be quite
different. Because the orientation of the spacecraft will bc c]uitc  restricted for safety reasons, ~DA
articulation my bc needed every few minutes to adcc]uatcly separate spntial and temporal ring dust
variations during the hour or so around the ring plane crossing. During the ring plane crossings, the I IRD
will be the primary mcasu~cmcnt systcm because the DA cannot make impact measurements at faster than
one per second. TIc IIRD can register impacts up to 104 pcr second with insignificant dcadtirne,

‘1’IIc  (31A data return is very flexible. Only 0.5 kbitds is nccdccl from the instrument to the SC to support
the highest data acc]uistion  rates. Full (iota  from the DA and lII<D can bc returned at this rate. This low
clata rate will be easily support by the available downlink rates for most c)f the mission. Flowcver on the
o[hcr hand, early in the mission when average downlink  rates arc very low, the CXIA data can be
rcfcmated  with onboard  data processing so that the most valuable information can bc rcturnccl at less than
1 bitis. l]ccausc  the ~DA mcasurcmcnts  arc tri~~crc(i  by impacts, it does not normally generate  any
science data if there is no dust. IIowcvcr  on board noise sources such as Sounder operations, and
planetary plasmas can produce ran{iom triggers if care is not use(i to prevent it. 130th  the DA and 111<11
have commandablc  hi~gering threshold a~ljustnlcnts  that will insure that noise tri~gers  arc minimized and
that the best data arc rctumd under al] conclitions.

‘1’hc work clcscribcd  was suppor[ecl by nnlional  funding agencies in the ~~ech  I<cpub]ic,  I;rance, Germany,
‘J’hc Netherlands, Norway, and U.K. “l’he work in the lJ. S. was performed under ccmtracts  with the
National  Aeronautics and Space A(ll~linisll:ltiol~. A porlion  of the work in the U.S. was pcrformccl at the
Jet Propulsion 1.aboratory,  ~alifornia institute of Technology.
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Figure  1. Photograph of ~I)A engineering model without t}lermal blankets.
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llig~lrc 3. Schematic drawing of the }11<11 polarized PVII]: sensor. An incident high-velocity dust particle
penetrates the sample, resulting in complete depolorimion  within ml near the crater I_orlned. ‘l’he fast
current pulse is mplifieci by a shaping amplifier as shown a( the right.
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